The effect of various lipids, proteins, and other substances on the adsorption rate of dipalmitoyl phosphatidylcholine (DPC) was investigated. Each substance was added to a sonicated suspension of DPC in saline, and the surface pressure of the adsorbed surface film was measured using a platinum plate suspended from an electrobalance. Pure DPC adsorbed very slowly, being complete only after 8 hr; its half-adsorption time was 91.8 + 8.3 min. Four additives markedly reduced the half-adsorption time of DPC: dipalmitoyl phosphatidylglycerol (1.1 + 0.2 min), phosphatidylinositol (2.8 f 0.4 min), serum high-density lipoprotein (1.0 + 0.2 min), and surfactant apoprotein (0.9 + 0.1 min). The half-adsorption times of mixtures of DPC and the other additives ranged from 15.3 + 1.9 to 107.8 f 12.1 min.
Summary
The effect of various lipids, proteins, and other substances on the adsorption rate of dipalmitoyl phosphatidylcholine (DPC) was investigated. Each substance was added to a sonicated suspension of DPC in saline, and the surface pressure of the adsorbed surface film was measured using a platinum plate suspended from an electrobalance. Pure DPC adsorbed very slowly, being complete only after 8 hr; its half-adsorption time was 91. 8 
Speculation
The results suggest that dipalmitoyl phosphatidylglycerol, phosphatidylinositol, and serum high-density lipoprotein, in combination with dipalmitoyl phosphatidylcholine, may be of value in the treatment of respiratory distress syndrome in the human neonate.
It is now widely accepted that surfactant deficiency is a cardinal factor in the of respiratory distress syndrome of the human neonate (1, 7, 16, 17) . Pediatricians are obviously anxious to develop a rational therapy for this condition. Indeed, attempts have already been made to introduce synthetic surface-active agents into the lungs of surfactant-deficient babies (3, 1 l), and experiments have been performed on the lungs of animals (6 9. 10, 21) . Of the agents tested so far, dipalmitoyl phosphatidylcholine (DPC) has produced the most promising results. Unfortunately, pure DPC only forms interfacial films at a very slow rate and, consequently, other substances have to be added to the DPC to accelerate its adsorption (2, 4) .
The aim of the present study was to determine the effects of different additives on the adsorption of DPC.
MATERIALS AND METHODS
Surfactant was removed from the lungs of neonatal lambs using the technique described previously (14) . Lipids and apoprotein were isolated from the surfactant by the method of Scanu et al. (19) . Human serum high-density lipoprotein, bronchial mucoprotein, and salivary mucoprotein were kindly provided by Dr S. McCaughey of The Queen's University of Belfast. The other chemicals were purchased from Sigma London Chemical Company. Double-glass distilled water was used to prepare the solutions.
PREPARATION OF SOLUTIONS
The solutions of DPC and other materials in saline (0.145 M NaC1) were prepared in the concentrations indicated in Tables 1   to 3 . Each solution was sonicated in a water bath at O°C until it was opalescent (about 5 min) and then heated to 37OC before use. ADSORPTION 
MEASUREMENTS
Thirty ml of each solution was placed in a circular glass dish (cross-sectional area, 36.5 cm2). The surface tension of the adsorbed film was measured using a platinum dipping plate (perimeter, 8.4 cm). The plate was suspended from a Cahn electrobalance, and the strain was recorded on an Anadex printer. The sensitivity of the apparatus was about 0.1 mN/m. The glass dish was placed in a water bath and maintained at 37OC throughout the experiment. The surface pressure (71) of each film was calculated using the relationship where yo and y are the respective surface tensions of the clean and film-covered surfaces. All measurements were made under static conditions; consequently, the surface pressure generated by the films was lower than that achieved in dynamic compression experiments.
The change in the surface pressure of the adsorbed films was recorded for a variable length of time (30 min to 6 hr) and also after an interval of 24 hr. The pressure generated by a film after aging for 24 hr is referred to as the "maximum film pressure." The half-adsorption time of each film was obtained from the plot of surface pressure against time. This was the time in which 50% of the final total change in surface pressure was achieved.
RESULTS
An example of the changes in the surface pressure of adsorbed films with age is shown in Figure 1 . Pure DPC adsorbed slowly (half-adsorption time, 91.8 + 8.3 min), and hence, the pressure at the subphase surface increased gradually. In contrast, a mixture of DPC and phosphatidylinositol(9: 1 molar ratio) adsorbed relatively rapidly.
The data relating to the adsorption of mixtures of DPC and various additives are given in Tables 1 and 2 . Inspection of the data shows that many of the additives had little effect on the adsorption rate of DPC. Only mixtures containing dipalmitoyl phosphatidylglycerol, phosphatidylinositol, serum high-density lipoprotein, and surfactant apoprotein had half-adsorption times of less than 10 min.
The effects of dipalmitoyl phosphatidylglycerol, phosphatidylinositol, and serum high-density lipoprotein on the adsorption rate of DPC varied with concentration (Table 3 ). Both divalmitoyl phosphatidylglycerol and phosphatid~linositol decrease2 progre-ssively in activity as their concentration was reduced over the range 12.8 t o 0.8 g/&1. In contrast, the activity of high-density lipop;-tein fell sharply (reflected in the marked increase of the halfadsorption time) when its concentration was reduced below 12.8 pg/ml. ' Concentration of additives 20 pg/ml. The surface pressure of the films is expressed in millinewtons per meter (mN/m).
Mean + S.E. of measurements on 10 films. ' Concentration of DPC is 200 pg/ml in each mixture. The half-adsorption time of pure DPC was 91.8 + 8.3 min.
Mean + S.E. of measurements on eight films.
DISCUSSION
The results of the present study have shown that pure DPC adsorbs very slowly to form films at air-fluid interfaces; maximum adsorption was only achieved from a saline subphase at body temperature after 8 lir. Although DPC is the most abundant of the lipids in natural pulmonary surfactant (8, 12, 20) , it is unlikely to be of much value if used on its own in the treatment of surfactant-deficient babies.
The adsorption of surface-active materials is a complex phenomenon. The rate at which molecules of two or more surface- active agents accumulate at the free surface of a solution depends principally on the concentration of the agents, the nature of the amphiphilic groups in the agents and the separation of these groups (chain length), the nature of the molecular interaction between the agents, the diffusion coefficient of the solution, and the temperature (5, 15) . It is obvious, therefore, that the measurements made in the present study do not permit the calculation of absolute adsorption coefficients. On the other hand, the measurements do indicate the relative rates of adsorption of the various substances under controlled conditions in vitro.
Of the different additives tested, dipalmitoyl phosphatidylglycerol, phosphatidylinositol, serum high-density lipoprotein, and surfactant apoprotein were most effective in accelerating the adsorption of DPC. It is interesting to note in this context that DPC has been used to treat babies suffering from respiratory distress syndrome. Chu et al. (3) have found that the inhalation of an aerosol of DPC in a Freon propellant caused a slight increase in the compliance of the babies' lungs, but no change in pulmonary blood flow or gas exchange. Ivey et al. (1 1) have reported that the arterial blood of premature babies was better oxygenated after the administration of a nebulized mixture of DPC and dipalmitoyl phosphatidylglycerol(9: 1 molar ratio), whereas recent experiments (10) using surfactant-depleted lungs in vitro have shown that mixtures of DPC and unsaturated phosphatidylglycerol or phosphatidylinositol produce a significant increase in the total pulmonary capacity. King et al. (13) have demonstrated that the apoprotein moiety of canine surfactant accelerates the adsorption of the phospholipid moiety. This apoprotein has a relatively low molecular weight (about 10,700); in addition, it has an unusually large proportion of hydrophobic amino acids.
Serum high-density lipoprotein clearly deserves further attention. It is capable of accelerating the adsorption of DPC when present in concentrations of 12.8 pg/ml or more, and the resulting films generate a relatively high surface pressure under static conditions (35.8 mN/m). Serum lipoproteins have a carrier role in the body, the protein-binding lipid for the purpose of transporting it from one place to another. Because these molecules have weak bonding, the lipid moiety is easily displaced or replaced (18) . Furthermore, high-density lipoprotein can be extracted from homologous human serum in a relatively pure form and, consequently, it is unlikely to provoke an immune reaction if administered in vivo.
